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Use of 18-lead Electrocardiogram in Diagnosing Right Ventricular
and Posterior Wall Involvement in Patients with Acute Inferior
Myocardial Infarction
CHIU-SUN YUE AND WAI-KWONG CHAN
From Division of Cardiology, Department of Medicine and Geriatrics, United Christian Hospital, Kowloon, Hong
Kong

YUE and CHAN : Use of 18-lead Electrocardiogram in Diagnosing Right Ventricular and Posterior Wall
Involvement in Patients with Acute Inferior Myocardial Infarction. Acute inferior myocardial infarction (MI), if
complicated by right ventricular (RV) infarction , is associated with increased in-hospital morbidity and mortality.
In this context, the detection of RV and posterior wall (PW) involvement is important and is made possible by direct
interrogation of right ventricle using right-sided chest leads (i.e. RV4-6 ) and PW using leads V7-9 (V7-left posterior
axillary line, V8-inferior angle of left scapula, V9-left paravertebral area). ST elevation in lead III greater than II of
at least 1mm on the standard 12-lead electrocardiogram (ECG) has been shown to have high sensitivity and positive
predictive value of RV infarction. We conducted a prospective study on all patients who presented with acute inferior
MI and were admitted to our Coronary Care Unit from 1 July 1997 to 31 December 1997. A total of twenty-six
patients were recruited (19 males, 7 females), with a mean age of 64.2 years (SD 7.9). A 18-lead ECG was routinely
done immediately after admission of each patient and serially if thrombolytic therapy was given. We defined RV and
PW involvement by ST elevation of ≥ 1mm in at least one of the leads RV4-6 and one of the leads V7-9 respectively.
Eight patients had inferior MI alone (8/26 = 31%), ten had inferior plus RV MI (38%), five had inferior plus RV and
posterior MI (19%) and three had inferior plus posterior MI (12%). Nineteen patients were given thrombolytic
therapy (19/26 = 73%). In predicting RV involvement using ECG criteria of ST elevation in lead III greater than II
(with the above ECG criteria as reference), there was 100% sensitivity, 64% specificity, 79% positive predictive
value and 100% negative predictive value. In predicting PW involvement using dominant R wave and ST depression
in leads V1-3 as criteria (with the above ECG criteria as reference), there was a 25% sensitivity, 83% specificity, 40%
positive predictive value and 71% negative predictive value. Twenty-three patients were discharged home and three
patients died (mortality 11.5%) within hospital stay. All three patients who died had inferior and RV ± posterior MI.
In conclusion, about 70% of patients with acute inferior MI also had involvement of right ventricle or posterior wall
or both. The prognosis appeared to be worse if there was RV ± PW involvement. It may be worthwhile to perform 18lead ECG routinely for patients with acute inferior MI. (J HK Coll Cardiol 2000;8:43-48)
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Introduction
In everyday clinical practice, acute inferior
myocardial infarction(MI) accounts for approximately
30-40% of all acute MI. Since the inferior wall
represents a smaller proportion of the total myocardium,
inferior MI is generally associated with a more favorable
prognosis when compared with anterior MI.1 However,
when inferior MI is associated with right ventricular
(RV) or posterior wall (PW) involvement, larger area
of myocardium is at risk. As a result, the incidence of
in-hospital complications and mortality will be
increased.
In this context, the detection of RV and PW
involvement in patients presenting with acute inferior

MI is important. Various ECG criteria had been used
before in order to detect RV and PW involvement in
patients with acute inferior MI. They differed in terms
of their sensitivity, specificity, positive and negative
predictive value when compared with standard
reference, such as nuclear scan imaging and autopsy
findings. A 18-lead ECG, comprising the standard 12lead ECG plus additional leads that directly interrogate
the right ventricle and posterior wall (Figure 1),
represents a rapid and non-invasive diagnostic tool. In
the present prospective study, we attempted to look into
the prediction of RV and PW involvement using 18lead ECG in patients with acute inferior MI using
specified ECG criteria with ST elevation in right-sided
chest leads and posterior leads as standard reference.

Figure 1. Diagram showing
placement of ECG electodes to
obain a 18-lead ECG: RV leads
V4R , V5R , V6R are placed in mirror
image of V4 , V5 and V6 on right fifth
intercostal space, PW leads V7 , V8
and V 9 are placed on left (same
level) V7 on posterior axillary line,
V8 on inferior angle of scapula and
V9 on paravertebral area.
44
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Method
From 1st July 1997 to 31st December 1997, all
patients who presented with acute inferior MI admitting
to the Coronary Care Unit were recruited in our study.
After admission, a 18-lead ECG was done routinely and
immediately. Patients were diagnosed to have acute
inferior MI if they presented with typical ischemic-type
of chest pain of more than twenty minutes and there
was ST elevation of more than 1 mm in at least two
inferior limb leads II, III and aVF. All cases were later
confirmed to be MI by typical changes in cardiac
enzymes. We defined RV and PW involvement by ST
elevation of ≥1 mm in at least one of the leads RV4-6
and one of leads V7-9 respectively (Figure 2). The rightsided chest leads RV4-6 were actually mirror image of
the chest leads V4-6 on the right fifth intercostal space.
The posterior leads V7-9 were placed on the same level
with V7 on left posterior axillary line, V 8 on inferior
angle of left scapula and V9 on left paravertebral area.
The demographic data of the patients, such as sex, age,
administration of thrombolytic therapy and in-hospital
complications, were recorded in detail. We examined
the sensitivity, specificity, positive and negative
predictive value of the ECG criteria of ST elevation in
lead III greater than II and dominant R wave with ST
depression in leads V1-3 in the prediction of RV and PW
involvement respectively. The sensitivity, specificity,
positive and negative predictive value of the ECG
criteria being adopted were calculated using the
following formulae :

inferior MI were recruited. There were 19 males and 7
females, with a mean age of 64.2 years (SD 7.9).
Nineteen patients were given thrombolytic therapy (19/
26 = 73%). Eight patients had inferior MI alone (8/26 =
31%), ten had inferior plus RV MI (38%), five had
inferior plus RV and posterior MI (19%) and three had
inferior plus posterior MI (12%). The site of MI was
summarised in Table 1.
In predicting RV involvement using the criteria
of ST elevation in lead III greater than II (with ST
elevation in RV leads as reference), there was a 100%
sensitivity, 64% specificity, 79% positive predictive
value and 100% negative predictive value (see Table
2).
In predicting PW involvement using dominant R
wave and ST depression in leads V1-3 as criteria (with
ST elevation in posterior leads as reference), there was
a 25% sensitivity, 83% specificity, 40% positive
predictive value and 71% negative predictive value (see
Table 3).
Concerning the outcome of those patients,
twenty-three patients were discharged home and three
patients died (in-hospital mortality 11.5%) within
hospital stay. One patient died of hospital-acquired
pneumonia about three weeks after admission. The other
two patients succumbed with anoxic brain damage and
multiple organ failure after cardiac arrest secondary to
ventricular fibrillation. All three patients who died had
acute inferior plus RV and/or PW involvement.

Discussion
Sensitivity = (true positive / true positive + false
negative) x 100%
Specificity = (true negative / true negative + false
positive) x 100%
Positive predictive value = (true positive / true
positive + false positive) x 100%
Negative predictive value = (true negative / true
negative + false negative) x 100%

Result
From 1st July 1997 to 31st December 1997, a
total of ninety-five patients were admitted to our
Coronary Care Unit because of acute myocardial
infarction. Twenty-six of them who presented with acute
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From our results, it was quite common for
patients with acute inferior MI to have RV and/or PW
involvement. (69% in our series). Actually, RV
infarction was reported to be present in up to 50% of
inferior MI.2 In the presence of RV infarction, it was
shown to have increased incidence of conduction or
hemodynamic disturbances or both,3-5 and an increased
risk of in-hospital death.6 The identification of RV and
PW involvement thus helped in the optimal management
of patients with inferior MI.
In this context, ST elevation (usually ≥1 mm) in
the precordial lead RV4 has been demonstrated to be
the most reliable electrocardiogram marker of RV
infarction, with a reported sensitivity and positive
predictive accuracy of 70 to 100%.7 Braat also reported
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Figure 2a. Standard 12-lead ECG of a
patient presenting with acute inferior
myocardial infarction with right verntricular
and posterior wall involvement. (ST
elevation in lead III greater than II was
noted).

Figure 2b. Right-sided ECG of the same
patient showing ST elevation ≥1 mm in rightsided chest leads RV4 , RV5 and RV6 .

Figure 2c. ECG of the same patient showing
ST elevation ≥1 mm with Q waves in posterior
leads V7 , V8 and V9 .
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Table 1. Site of myocardial infarction and number of patients involved
Inferior MI alone
Inferior + RV MI
Inferior + Posterior MI
Inferior + RV + Posterior MI

8 (31%)
10 (38%)
3 (12%)
5 (19%)

Table 2. Prediction of RV involvement using ST elevation in lead III greater than II of at least 1 mm as
criteria (with ST elevation ≥1 mm in at least one of the leads RV4-6 as reference)
Sensitivity
Specificity
Positive predictive value
Negative predictive value

100%
64%
79%
100%

Table 3. Prediction of posterior wall involvement using dominant R wave and ST depression in leads V1-3
as criteria (with ST elevation ≥ 1 mm in at least one of the leads V7-9 as reference)
Sensitivity
Specificity
Positive predictive value
Negative predictive value

25%
83%
40%
71%

that ST elevation ≥ 1 mm in RV4 was highly predictive
of proximal occlusion of the right coronary artery above
the origin of the RV branch.8 Andersen found that ST
elevation in lead III greater than II on the standard
12-lead ECG had a sensitivity and positive predictive
value of 88% and 91% of RV infarction,9 using the
principle that lead III on the 12-lead ECG was more
oriented towards the right ventricle than lead II.
Nevertheless, the RV leads remained the ECG gold
standard for detecting RV ST elevation.
In our patients, the prediction of RV involvement
using ST elevation in lead III > II (using ST elevation
≥1 mm in RV leads as reference) had high sensitivity
(100%) and positive predictive value (79%). It
resembled the results obtained in previous studies.
Concerning the detection of PW infarction in
patients with inferior MI, the presence of precordial ST
depression could be due to concurrent subendocardial
ischemia in the anterior wall or PW infarction causing
a mirror image effect.10-12 Whatever the cause, precordial
ST depression in the presence of inferior MI was likely
to signify more extensive ischemia and was associated
with an increased incidence of left ventricular
dysfunction and in-hospital death.11 Traditionally, the
ECG diagnosis of posterior MI was made by ST
J HK Coll Cardiol, Vol 8

depression and dominant R wave in precordial leads
V1-3. However, ischemic ST-T changes might arise from
either the anterior or posterior circulation, and increased
R wave might be due to right ventricular hypertrophy,
cardiomyopathy, Wolff-Parkinson-White syndrome,
right bundle branch block as well as posterior MI.
Obviously, this ECG criteria lacked both sensitivity and
specificity. In fact, the detection of PW infarction could
be achieved by direct interrogation of the PW with the
use of additional unipolar leads V 7-9 . Though
cumbersome, it provided concrete evidence of posterior
wall ST elevation. Moreover, Q wave in V9 had been
demonstrated to have a positive predictive accuracy of
90% of posterior MI.13,14 In addition, posterior leads
were helpful in case of suspected acute MI with nondiagnostic routine 12-lead ECG. They might reveal
isolated posterior lead ST elevation which was usually
secondary to circumflex artery occlusion.15 In another
study,16 absence of ST elevation in MI due to circumflex
artery occlusion was common and mortality was
significantly higher at 30 days in the non-ST-elevation
group.
In our series of patients, prediction of PW
involvement using traditional criteria of dominant R
wave and ST depression in leads V1-3 (with ST elevation
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≥1 mm in the posterior leads V7-9 as reference) had low
sensitivity (25%) and positive predictive value (40%).
The use of posterior leads thus helped very much in
improving the diagnostic yields.
There were several limitations in this study. First,
there was no validation or proper documentation of true
RV or PW involvement, such as by means of nuclear
scan imaging or contrast ventriculography which was
either invasive or expensive. We relied on previous
studies which had already validated the ECG as a
reliable indicator of the extent and location of a patient’s
myocardial infarction. Second, the number of patients
recruited into the study was relatively small.
Nevertheless, it had already included all patients during
the study period of six months. Third, in view of the
small number of patients studied, their clinical course
and in-hospital complications were not analyzed in
detail. However, the prognosis appeared to be worse if
there was RV and/or PW involvement.

Conclusion
In patients with acute inferior MI, 18-lead ECG
serves as a simple, rapid, reliable and economic
diagnostic tool to delineate the extent of RV and/or PW
involvement. Its use should be encouraged in the clinical
practice.

Acknowledgement
Part of this work was presented as an abstract at
the Sixth Annual Scientific Congress of the Hong Kong
College of Cardiology in April 1998, Hong Kong.

References
1. Berger PB, Ryan TR. Inferior myocardial infarction : highrisk subgroups. Circulation 1990;81:401-11.
2. Prouxl R, Guidetti K, Bagg M, et al. Detection of right
ventricular myocardial infarction. Crit Care Nurse 1992;12:5060.
3. Tans Lie LK, Durrer D. Clinical setting and prognostic

48

significance of high degree atrioventricular block in acute
inferior myocardial infarction : a study of 144 patients. Am
Heart J 1980;99:4-8.
4. Braat SH, deZwann C, Brugada P, et al. Right ventricular
involvement with acute inferior wall myocardial infarction
identifies high risk of developing atrioventricular nodal
conduction disturbances. Am Heart J 1984;107:1183-7.
5. Creamer JE, Edwards JD, Nightingale P. Mechanisms of shock
associated with right ventricular infarction. Br Heart J 1991;
65:63-7.
6. Zehender M, Kasper W, Kauder E, et al. Eligibility for and
benefit of thrombolytic therapy in inferior myocardial
infarction: focus on the prognostic importance of right
ventricular infarction. J Am Coll Cardiol 1994;24:362-9.
7. Robalino BD, Whitlow PL, Underwood DA, et al.
Electrocardiographic manifestations of right ventricular
infarction. Am Heart J 1989;118:138-44.
8. Braat SM, Brugada P, De Zwann C, et al. Value of
electrocardiogram in diagnosing right ventricular involvement
in patients with acute inferior wall myocardial infarction. Br
Heart J 1983;49:368-72.
9. Andersen HR, Nielsen D, Falk E. Right ventricular infarction:
diagnostic value of ST elevation in lead III exceeding that
of lead II during inferior/posterior infarction and
comparison with right-chest leads V3R to V7R. Am Heart J
1989;117:82-6.
10. Salcedo JR, Baird MG, Chambers J, et al. Significance of
reciprocal ST segment depression in anterior precordial leads
in acute inferior myocardial infarction : concomitant left anterior
descending coronary artery disease? Am J Cardiol 1981;48:
1003-8.
11. Croft CH, Woodward W, Nicod P, et al. Clinical implications
of anterior ST segment depression in patients with acute inferior
myocardial infarction. Am J Cardiol 1982;50:428-36.
12. Sclarovsky S, Topaz O, Rechavia E, et al. Ischemic ST segment
depression in V2 and V3 as the presenting electrocardiogram
feature of posterolateral wall myocardial infarction. Am Heart
J 1992;113:1085-90.
13. Rich MW, Imburgia M, King TR, et al. Electrocardiographic
diagnosis of remote posterior wall myocardial infarction using
unipolar posterior lead V9. Chest 1989;96:489-493.
14. Zalenski RJ, Cooke D, Rydman R, et al. Assessing the
diagnostic value of an ECG containing leads V4R, V8 and V9:
the 15-lead ECG. Ann Emerg Med 1993;22:786-793.
15. Agarwal J, Khaw K, Aurignac F, et al. UMDNJ-Robert Wood
Johnson Medical School, New Brunswick NJ, USA. Importance
of posterior chest leads in suspected acute myocardial infarction
with non-diagnostic routine ECG. J Am Coll Cardiol 1997;
488A:1078-108.
16. Amsterdam PB, Hafley GE, Harrington RA, et al for the GustoIIb Investigators. Duke University Medical Center, Durham;
NC, USA. Is the ECG adequate to identify patients with left
circumflex occlusion in acute coronary syndromes? J Am Coll
Cardiol 1997;488A:1078-128.

April 2000

J HK Coll Cardiol, Vol 8

